Among hard X-ray Galactic sources detected in the Swift and INTEGRAL surveys, those discovered as accreting white dwarf binaries have suprisingly boosted in number in the recent years. The majority are identified as magnetic Cataclysmic Variables of the Intermediate Polar type, suggesting this subclass as an important constituent of the Galactic population of X-ray sources. We here review and discuss the X-ray emission properties of newly discovered sources in the framework of an identification programme with the XMM-Newton satellite that increased the sample of this subclass by a factor of two.
Introduction
Cataclysmic Variables (CVs) are low-mass close binary systems composed by a white dwarf (WD) primary accreting material lost from a Roche-lobe filling, late-type companion star. According to the variety of observed phenomenology they are grouped in several subclasses (see review Warner, 1995) . Two main categories can be identified: the magnetic systems (mCVs) harbouring WD primaries with strong magnetic fields (B WD ≥ 10 6 G ) and non-magnetic CVs. The magnetic systems are also subdivided in two groups, the polars that contain highly (B WD ∼ 14 − 230 × 10 6 G) magnetised WDs, and the intermediate polars (IPs) believed to harbour low magnetic field primaries (B WD 10 7 G) (see reviews by Cropper, 1990; Ferrario et al., 2015; Mukai, 2017) . In both subclasses the WD magnetic field plays a key role in shaping the accretion flow. In the polars the B-field is strong enough to lock, or quasi-lock, the WD rotation at the binary orbit, and to channel matter from the donor star onto the WD polar caps through an accretion stream. Thus, polars show strong periodic orbital variability at all wavelengths (e.g. Schwope et al., 1998) . In IPs, instead, the weaker field is not able to synchronise the WD rotation at the binary orbit allowing fast spin rates (P spin=ω << P orb=Ω ∼ hrs) and the formation of an accretion disc truncated at the magnetospheric boundary where the magnetic pressure balances the ram pressure. Depending on system parameters, such as orbital period, magnetic field strength and mass accretion rate, IPs may accrete via a disc (disc-fed systems), without a disc (discless) or in a hybrid mode in the form of disc overflow, which can be diagnosed through the presence of spin, orbital and sidebands periodicities at different wavelengths (Hellier, 1995; Norton & Taylor, 1996; Norton et al., 1997) . The accretion flow close to the WD surface is channeled along the magnetic field lines, reaching supersonic velocities and producing a stand-off shock above the WD surface (Aizu, 1973) . The post-shock region (PSR) is hot (kT ∼ 10 − 50 keV) and cools via thermal Bremsstrahlung (hard X-rays) and cyclotron radiation, emerging in the optical/nIR band. Both emissions are partially thermalized by the WD surface and re-emitted in the soft X-rays and/or EUV/UV domains. The relative proportion of the two cooling mechanisms strongly depends on the B-field strength and local mass accretion rate. Cyclotron radiation dominates in the high field polars and is efficient in suppressing high PSR temperatures (Woelk & Beuermann, 1996; Fischer & Beuermann, 2001 ). An optically thick soft X-ray (kT bb ∼ 30-50 eV) emission due to reprocessing (van Teeseling et al., 1994) or to heating due to blobby accretion (Woelk & Beuermann, 1992) was also found to be strong in polars, explaining why they where found numerous in previous soft X-ray surveys (e.g.ROSAT), largely outnumbering IPs (Beuermann, 1999; Schwope et al., 2002) . The PSR has been diagnosed in details through circular and linear polarimetry and spectro-polarimetry at optical/nIR wavelengths, in the polars only, revealing complex field topology with differences between the primary and secondary poles (e.g. Potter et al., 2004; Beuermann et al., 2007; Ferrario et al., 2015) . In some cases differences in the magnetic field strengths have also been found between the PSR region and the WD photosphere, the latter inferred from Zeeman splitting of hydrogen lines (e.g. Schwope et al., 1995; Ferrario et al., 2015) . On the contrary, most IPs do not show optical/nIR polarization, with only 11 systems found to be polarised at a few percent (see Ferrario et al., 2015; Potter & Buckley, 2018) . Their magnetic field strenghts are consequently difficult to measure and are loosely estimated in the range ∼ 5 − 30 × 10 6 G. These polarised IPs are all found at long orbital periods, above the 2-3 h orbital period gap, and could represent the long-sought progenitors of low-field polars that will evolve into synchronism. The complex geometry and emission properties of mCVs make these low-mass X-ray binaries ideal laboratories to study in details accretion processes in moderate magnetic field environments, but also help in understanding the role of magnetic fields in close-binary evolution. Indeed, the incidence of magnetism among CVs is ∼ 25%, compared to ∼ 6 − 10% of isolated magnetic WDs (Ferrario et al., 2015) . This would either imply CV formation is favoured by magnetism or CV production enhances magnetism (Tout et al., 2008) . In addition, mCVs are the brightest X-ray emitting CVs, with X-ray luminosities ranging from a few ∼ 10 30 erg s −1 to ∼ 10 34 erg s −1 , and may play a crucial role in understanding Galactic X-ray binary populations. We here review the recent progresses on mCVs obtained in the framework of an identification programme with the XMM-Newton mission, aiming at classifying new mCV candidates discovered in the hard X-ray surveys conducted by the Swift and INTEGRAL satellites. In Sect. 2 we report on the outcomes from these surveys. In Sect. 3 we summarize the new identifications, their temporal and spectral properties and in Sect. 4 the role of fundamental parameters. In Sect. 5 we conclude on the perspectives with future missions foreseen in the 2020-2030 timeframe.
Cataclysmic Variables in hard X-ray surveys
Our view of the hard X-ray sky dramatically changed thanks to the deep INTEGRAL/IBIS-ISGRI (Bird et al., 2016) and Swift/BAT (Oh et al., 2018) surveys with more than 1600 sources detected above 20keV. These surveys have shown that our knowledge of the X-ray binary populations in the Galaxy was poor, surprisingly detecting a large number of accreting WD binaries, amounting to ∼ 25% of the Galactic sources. Both the INTEGRAL/IBIS-ISGRI Galactic plane survey (Barlow et al., 2006; Krivonos et al., 2012; Bird et al., 2016) and the Swift/BAT survey (Oh et al., 2018) , mainly covering high Galactic latitudes, reveal a high incidence of mCVs with ∼ 70% of them belonging to the IP group. In Fig. 1 we show the accreting WD binaries detected from both surveys, comprising of a handful of previously known non-magnetic Dwarf Novae (DNs), old Novae and Symbiotics, many Nova-like systems (NLs) (most are still disputed to be magnetic), and the magnetic IPs and polars. This finding indicates that the subclass of IP-type mCVs is not as small as previously believed, suggesting them as potential important contributors to the Galactic X-ray source population. Indeed, the deep surveys of the Galactic centre conducted with Chandra (Muno et al., 2004) , XMM-Newton (Heard & Warwick, 2013) and recently with NuSTAR, that overcomes the selection bias towards high temperatures of the INTEGRAL/IBIS-ISGRI and Swift/BAT surveys, (Perez et al., 2015; Hailey et al., 2016; Hong et al., 2016) all suggest the dominance of mCVs of the IP-type above ∼ 10 31 erg s −1 . Whether these mCVs also dominate the Galactic ridge emission (GRXE) is still disputed based on RXTE (Revnivtsev et al., 2006) , Chandra (Revnivtsev et al., 2009) , XMM-Newton (Warwick et al., 2014) and Suzaku (Xu et al., 2016; Nobukawa et al., 2016) observations.
The negligible absorption in the hard X-rays makes these surveys unique for population studies. In particular the Swift/BAT survey, with a more uniform exposure over the sky was used to estimate the mCV space densities but with large uncertainties (Pretorius et al., 2013; Reis et al., 2013; Pretorius & Mukai, 2014) The Gaia DR2 release now offers the opportunity to assess the true space densities. Using the shallow flux-limits of the 70-monthSwift/BAT sample of Pretorius & Mukai (2014) and the Gaia DR2 parallaxes, the IP space density results to be lower than previously estimated, with an upper limit of < 1.3 × 10 −7 pc −3 (Schwope, 2018) . However, confirmation of this result needs larger samples from more sensitive surveys, such as that foreseen with the eROSITA satellite. Nevertheless, the recent release of the 105-month (Oh et al., 2018) and the parallel 100-month (Cusumano et al., 2014 ) Swift/BAT catalogues, reaching flux levels down to ∼ 7.2(∼5.4) and 8.4 × 10 −12 erg cm −2 s −1 over 50 and 90% of the sky, respectively, are providing the opportunity to enlarge the sample of hard X-ray detected CVs and in particular of mCVs. For the current sample of hard X-ray mCVs, encompassing 50 confirmed IPs (see Table 1 ) and 13 polars, we obtained distances from the Gaia DR2 release using a distance prior based on the Galaxy model described in Bailer-Jones et al. (2018) 1 . The majority are accurate with relative uncertainties less than 10%, restricting the sample to 1.8 kpc and 500 pc for 36 IPs and for the 13 polars, respectively. The derived distribution of hard X-ray luminosities in the Swift/BAT 14-195 keV band is shown in Fig. 2 Pretorius & Mukai (2014) based on the 70-month Swift/BAT catalogue. These low-luminosity IPs should accrete at low rates and thus expected at short orbital periods (see also Sect. 3). Three of the four low-luminosity IPs have indeed P Ω < 2 h. The 13 confirmed hard X-ray polars detected so far (see Bernardini et al., 2014; Gabdeev et al., 2017; Mukai, 2017; Bernardini et al., 2017 Bernardini et al., , 2019b ) are found at 10 33 erg s −1 , overlapping the low-luminosity IPs. Among them, those few with determined magnetic field strengths (up to ∼ 40 × 10 6 G), not be expected to be strong in hard X-rays, challenge our knowledge of the emission properties in mCVs. Whether the faint end of the mCV luminosity distribution is a mixture of the two classes or dominated by one of the two groups needs to be assessed by classifying still unidentified faint sources at the survey flux limits.
The increase of the mCV sample
Both BAT and IBIS-ISGRI catalogues, still carry tentative new CV identifications, with many sources claimed as magnetic, based on optical follow-ups (e.g. Masetti et al., 2012 Masetti et al., , 2013 Parisi et al., 2014; Thorstensen & Halpern, 2013; Thorstensen et al., 2015) and thus subject of revisions (Fig. 1) . Optical photometry may unveil coherent pulsations, although these do not unambiguously identify the rotation period of the accreting WD (see Sect. 3.1). Other cases occur when intermittent optical short-period variations are present that hamper a secure classification. The detection of X-ray pulses and spectral characteristics instead efficiently diagnose the magnetically channeled accretion flow onto the WD primary and thus allow firm confirmation of the magnetic status of candidates.
With a long-term programme using XMM-Newton we could confirm the magnetic status of 29 CVs, of which 26 resulted IP-type systems (see Bernardini et al., 2012 Bernardini et al., , 2013 Bernardini et al., , 2017 Bernardini et al., , 2018 Bernardini et al., , 2019a , and references therein) and 3 of them were found to be hard X-ray polars (Bernardini et al., 2014 (Bernardini et al., , 2019b . We also disproved the mCV nature of 6 systems, due to the lack of X-ray pulsations although for two of them X-ray spectra closely resemble those of IPs (Bernardini et al., 2013 (Bernardini et al., , 2019c . Noteworthy is the case of a bright hard X-ray low-mass X-ray binary, XSS J12270-4859, associated by us to a Fermi-LAT gamma-ray source, previously misidentified as an IP and later recognized as one of the few intriguing transitional millisecond pulsar binaries (see de Martino et al., 2010 de Martino et al., , 2013 .
The current roster of confirmed IPs amounts to 69 systems with 50 detected as hard X-ray sources (see Table 1 for a complete list of hard IPs as of September 2018) 2 The increase in number of confirmed hard polars to 13, out of ∼130 (Ritter & Kolb, 2003 , update RKcat7.24,2016 , suggests they are not as rare as previously thought.
Timing properties of identified mCVs
The marking characteristics of mCVs is the presence of an X-ray periodic modulation at the spin period of the WD. Therefore the synchronous polar systems are known to display marked (up to ∼ 100%) variability at the orbital (∼hrs) period due to the self-occultation of the accretion spot behind the limb of the WD, giving rise to bright and faint phases 1 http://gaia.ari.uni−heidelberg.de/tap.html 2 Known and candidate systems can be found at https:://asd.gsfc.nasa.gov/Koji.Mukai/iphome/iphome.html bf (see reviews by Cropper, 1990; Mukai, 2017) 3 . The hard polars identified in our programme, Swift J2218.4+1925, Swift J0706.8+0325 and Swift J0658.0-1746, display similar modulation (Bernardini et al., 2014 (Bernardini et al., , 2019b with the faint phases not reaching zero counts, indicating the presence of a secondary accreting pole. In two of them energy dependend orbital light curves are characterised by a narrow dip overimposed on the bright phase, a common feature of polars, due to photoelectric absorption when the accretion stream intercepts the line of sight (e.g. Ramsay et al., 2004b) . In Swift J2218.4+1925 this feature does not disappear at higher energies (> 2 keV) and is similar to the rare case of EP Dra (e.g. Ramsay et al., 2004a) , indicating that there is a dense core obscuring the accretion region. No soft X-ray additional component appears to be present in these new polars (see also Sect. 3.2). These systems are likely low-field polars (∼ 7 − 14 × 10 6 G) (see details in Bernardini et al., 2014 Bernardini et al., , 2017 . IPs instead display much faster periodic variability. Generally, the spin (P ω ) period dominates their X-ray power spectra indicating accretion occurs via a disc (Wynn & King, 1992; Norton & Taylor, 1996) . The presence of sidebands and particularly a strong beat periodicity (P ω−Ω ) is the hallmark of a disc-overflow accretion (Hellier, 1995; Norton & Taylor, 1996; Norton et al., 1997) . Only one system, V2400 Oph is known to date to display strong X-ray pulsations at the beat period, thus representing an unique case among IPs where accretion onto the WD occurs withouth an intervening disc (Buckley et al., 1997; de Martino et al., 2004) .
The new IPs also show a dominant spin periodicity (Anzolin et al., 2009; Bernardini et al., 2012 Bernardini et al., , 2013 Bernardini et al., , 2015 Bernardini et al., , 2017 Bernardini et al., , 2018 , with a few also displaying weaker power at the harmonic of the spin frequency in their power spectra, indicating the presence of a secondary weakly emitting pole. Remarkable is the case of IGR J1817-2509, a pure twopole accretor, displaying X-ray pulses only at 2ω (Bernardini et al., 2012) . These systems are then disc-accretors, where the material from the disc attaches to the magnetic field lines and is channeled onto the WD magnetic poles in an arc-shaped curtain (Rosen et al., 1988) . In this configuration the maximum of the pulsation is observed when the curtain points away from the observer and when the optical depth of the accretion funnel is minimum (Rosen et al., 1988; Norton & Watson, 1989; Norton et al., 1999) . Most IPs have therefore the energy dependent spin pulses with amplitudes increasing at lower energies, indicative of photoelectric absorption along the pre-shock accretion flow. The absorbing material partially covers the X-ray emitting region and it is complex, requiring a distribution of covering fraction as a function of column density (see details in Done & Magdziarz, 1998; Mukai, 2017) . Few exceptions are those low accretion rate IPs where absorption in the pre-shock flow is negligible and thus the spin modulation is mainly due to changes in the visible portion of the emitting region (e.g. Allan et al., 1998; de Martino et al., 2005) . It has also to be noted that those few systems observed at energies ≥10 keV at adequate S/N, such as with NuSTAR, have shown hard X-ray spin pulses that cannot be ascribed to absorption, implying non-negligible shock heights Mukai et al., 2015) . Noteworthy is the high incidence (∼ 45%) of systems found to be spin-dominated in the X-rays but dominated by the beat in the optical band (Bernardini et al., 2012) , implying that the optical light is affected by reprocessing at fixed regions in the binary frame. This also demonstrates that optical pulses are not reliable tracer of the WD rotation. Many of the identified IPs have been found to also display non-negligible variability at the beat (ω − Ω) frequency in the X-rays, which, in a few cases, can reach amplitudes as large as those of the spin modulation (e.g. Bernardini et al., 2017) . These systems have an hybrid geometry where substantial portion of the accreting matter overflows the disc and directly impacts onto the WD magnetosphere. The long uninterrupted exposures with XMM-Newton increased the number of IPs displaying substantial X-ray orbital variability. A few (8 so far) are eclipsing IPs, giving the opportunity to study in details the accretion geometry (see Hellier, 2014; Esposito et al., 2015; Johnson et al., 2017; Bernardini et al., 2017) . Orbital modulations were found to be energy dependent from ASCA and RXTE observations in 7 systems and interpreted as photoelectric absorption due to material located at the disc rim Parker et al. (2005) . The number of IPs showing energy dependent orbital modulations has now increased to 13 systems (Parker et al., 2005; Bernardini et al., 2012 Bernardini et al., , 2017 Bernardini et al., , 2018 . The amplitudes are found to range from 3-4% up to ∼ 100% as in the extreme cases of FO Aqr, Swift J0927.7-6945 and IGR J14257-6117. Drawing similarities with low-mass X-ray binaries displaying orbital dips, IPs showing large orbital modulations should be seen at moderately high ( 60 o ) binary inclinations, allowing azimuthally extended absorbing material to intercept the line of sight (Parker et al., 2005; Bernardini et al., 2018) . Changes of the amplitudes with epochs were already detected by Parker et al. (2005) and later confirmed by , possibly linked to changes in the mass accretion rate. However, such possibility has not found confirmation yet. Interesting case is IGR J19552+0044 found to display two close long periods of 1.69 h and 1.35 h interpreted as the orbital and spin periods, respectively (Bernardini et al., 2013) . These have been recently improved with a long optical campaign resulting in P Ω =1.393 h and P ω =1.355 h (Tovmassian et al., 2017) . The spin-to-orbit period ratio is remarkably high, P ω /P Ω = 0.97 making IGR J19552+0044 the IP with the lowest degree of asynchronism, and joining "Paloma" which has a spin-to-orbit period ratio ∼0.83 (Joshi et al., 2016) . These two systems are likely in their way to become polars and represent test cases for mCV evolution.
Spectral properties of identified mCVs
The structure of the PSR has been the subject of many studies over the years. Detailed one-dimensional twofluid hydrodynamic calculations coupled with radiative transfer equations for cyclotron and Bremsstrahlung were performed for different regimes, including the so-called bombardment regime occurring at very low local mass accretion rates and at high magnetic field strengths (Woelk & Beuermann, 1996; Fischer & Beuermann, 2001 ). In the latter case a standing shock does not develop and the WD atmosphere is heated from below by particle bombardment. Many X-ray spectral models of mCVs have been developed that account for temperature and gravity gradients, for cyclotron cooling (in the polars), solving one or two-fluid hydrodinamic equations and dipolar field geometry (see Wu et al., 1994; Cropper et al., 1999; Canalle et al., 2005; Saxton et al., 2007; Hayashi & Ishida, 2014) . Modifications in the models to account for finite size of magnetosphere, especially in the low-field IPs, have recently been performed to obtain more reliable mass estimates (Suleimanov et al., 2016 (Suleimanov et al., , 2019 . The mCV spectra are characterised a by multi-temperature optically thin plasma, signified by the presence of the 6-7keV iron complex with H-like Fe XXVI (6.9 keV) and He-like Fe XXV (6.7 keV) K α lines as well as weaker K-shell features of less heavier elements, plus a neutral Fe K α fluorescent component. The modeling of the X-ray spectra allows tracing temperatures from ∼0.2 keV up to ∼20-40 keV in the PSR, although a continuous distribution is not always required (e.g. de Anzolin et al., 2009) indicating that indeed the emergent spectrum is highly sensitive to local pressure and temperature across the flow. Additionally a Compton reflection continuum component emerging at high energies and arising from the WD surface was investigated by Suleimanov et al. (2008) and found to be unimportant for low WD masses and/or for low mass accretion rates. Recently, stringent constraints on the presence of a Compton reflection hump in mCVs have been found using NuSTAR observations of three bright hard X-ray IPs . This component is usually not required in the spectral fits to the low S/N average BAT and/or IBIS-ISGRI spectra of most IP systems. Reflection either at the WD surface or in the pre-shock flow is anyway confirmed by the above mentioned fluorescent Fe at 6.4 keV (Ezuka & Ishida, 1999) , found to be ubiquitous in the spectra of mCVs, with equivalent widths (EW) in the range ∼100-250 eV. In a few systems, spin-phase resolved spectra show an increase in the EW at spin minimum, indicating an origin at the WD surface (Bernardini et al., 2012 . Modeling of X-ray spectra of mCVs, especially the IPs, also requires complexities at low energies, due to the presence of complex absorption from neutral material located in the pre-shock flow with column densities reaching values as high as ∼ 10 23 cm −2 (see discussion in Mukai, 2017) . Phase-resolved spectroscopy of these systems including the newly identified mCVs indeed reveals that the partial covering fraction of the local absorber changes along the spin cycle producing the observed energy dependence of spin pulses (e.g. Bernardini et al., 2012 Bernardini et al., , 2017 ). An additional absorption component is required in those IPs displaying energy dependent orbital modulations (Bernardini et al., 2012 . While mCVs were not previously known to show ionized absorption features in their X-ray spectra, XMM-Newton and Chandra grating spectra have demonstrated at least in three IPs the presence of an OVII absorption edge de Martino et al., 2008; Bernardini et al., 2012) . This indicates that in some IPs the pre-shock flow can be also substantially ionized. Additionally, an optically thick soft (∼20-60 eV) component, arising from the heated polar cap, was believed to be the characterising spectral feature of polars (Beuermann, 1999) , but not of IPs, except a handful of "soft" IP systems (Haberl & Motch, 1995; Haberl et al., 2002; de Martino et al., 2004) . XMM-Newton has remarkably shown an increasing number of polars without a distinct soft X-ray excess (Ramsay & Cropper, 2004; Ramsay et al., 2004c Ramsay et al., , 2009 Bernardini et al., 2014; Worpel et al., 2016; Bernardini et al., 2017) , suggesting that if a reprocessed component exist, this has a low temperature shifting the emission towards the EUV/UV ranges. This also implies that polars cannot be characterised as soft X-ray emitting sources anymore. Thanks to the high sensitivity of XMM-Newton the number of IPs showing a soft blackbody component has remarkably increased from the three ROSAT-discovered systems to 19, representing ∼ 30% of the whole IP class (see details in Anzolin et al., 2008; Bernardini et al., 2017) . Among them 8 are found to be polarised in the optical/nIR band (Ferrario et al., 2015; Potter & Buckley, 2018) , possibly suggesting that the detectability of the soft X-ray component could be linked to the additional contribution of cyclotron radiation in the reprocessing at the WD surface (L BB ∼ L X,hard +L cyc. ). The soft X-ray blackbody temperature are found to span a wider range from ∼40 eV up to ∼100 eV with very different soft-to-hard X-ray luminosity ratios (see Fig. 3 ), but on average lower than those inferred in the soft polars. The inferred fractional areas are much smaller than those typically found in polars by two-three orders of magnitudes. Although high blackbody temperatures arising from the WD surface would be locally super-Eddington, the possibility that the soft component originates instead in the coolest regions of the PSR above the WD surface is not supported by the spectral fits ). It could be also possible that, as demonstrated in the polar prototype AM Her, there is a temperature gradient over a large area of the polar cap (Beuermann et al., 2012) , with the inner core regions reaching such high temperatures. In the case of IPs, the hotter regions are detectable against the high absorbing column rather than the cooler and softer ones. Here we also note that due to the arc-shaped nature of the accretion spot in IPs, the structure of the heated area at the WD photosphere is likely to be different than that in the polars.
The role of fundamental parameters
We here discuss some of the fundamental parameters obtained from the enlarged sample of IPs.
The spin-orbit period plane of IPs
In Fig. 4 the spin-orbit period plane of the 69 confirmed IPs with determined orbital periods is displayed together with the corresponding spin and orbital period distributions. Previously known IPs were concentrated in a limited range of the spin-orbit period plane, clustering just below P ω /P Ω ∼ 0.1 with most systems found above the 2-3 h orbital period gap, typically in the range 3-6 h. With the new identifications the plane has been substantially populated at long periods with 15 systems at P Ω >6 h. Among them two are old novae, GK Per and SWIFT J1701.3-4304, recently identifed as Nova Sco AD 1437 (Shara et al., 2017; Bernardini et al., 2017) . The new long period (P Ω =12.8 h) IP, RX J2015.6+3711, still with an ambiguous identification in hard X-rays, is worth mentioning for its extremely slow rotation (P ω =2 h) (Coti Zelati et al., 2016; Halpern et al., 2018) , only surpassed by "Paloma". These very long orbital period IPs represent ∼ 10% of the whole CV population in this period range. Long period systems are believed to enter in the CV phase with nuclear evolved donors and may represent a significant portion of the present-day CV population Goliasch & Nelson, 2015) . Their spin-orbit period ratios, suggest they will reach synchronism while evolving to short orbital periods. On the short period side, the number of IPs below the 2-3 h CV orbital period gap has surprisingly increased to 10 members (Fig. 4) . This is challenging since short period mCVs should have already reached synchronism if their magnetic moments are greater than ∼ 5 × 10 33 G cm 3 (see Norton et al., 2004 Norton et al., , 2008 . The large spread in spin-to-orbit period ratios of these short period IPs may suggest they belong to a different population of old, possibly, very low-field systems that will never synchronise. The spin-orbit period ratios observed in IPs were investigated in terms of their complex accretion geometry. Norton et al. (2004 Norton et al. ( , 2008 showed that if the WDs in IPs are spinning at equilibrium, systems with very small spin-orbit period ratios (P ω /P Ω 0.1) should accrete via a disc, while those ratios between 0.1 and 0.6 would be accreting via disc/stream, depending on the binary mass ratio, and reaching a ring-like configuration at P ω /P Ω ∼ 0.6. Those IPs with higher spin-orbit period ratios should be far from equilibrium.
The mass distribution of hard X-ray IPs
The broad-band X-ray spectra of mCVs identified in our programme, obtained combining XMM-Newton and Swift/BAT or INTEGRAL/IBIS-ISGRI data, increased the sample of IP systems for which the WD mass has been estimated (Bernardini et al., 2012 (Bernardini et al., , 2013 (Bernardini et al., , 2019a . These determinations are based on the PSR model by Suleimanov et al. (2005) . This model, and similar methods based on multi-temperature fit, have also been applied to the previously known bright hard IPs identified in the first 2.5 yrs of Swift/BAT survey (Brunschweiger et al., 2009) and to a few of them recently re-observed in the hard X-rays at much higher S/N with NuSTAR Hailey et al., 2016; Shaw et al., 2018; Wada et al., 2018) . The WD mass distribution of 46 hard X-ray IPs is shown in the left upper panel of Fig. 5 , with a mean value < M WD >= 0.84 ± 0.17 M . The modified PSR model accounting for the finite size of the magnetosphere was also recently applied to a set of 35 IPs observed with NuSTAR and Swift/BAT by Suleimanov et al. (2019) , who find more accurate WD masses with an average value of 0.79±0.16 M , but still consistent with previous results. Massive WD primaries were also found by Zorotovic et al. (2011) , using a set of "fiducial" CVs with reliable WD masses (left middle panel of Fig 5) with a mean value < M WD,fiducial >= 0.82 ± 0.15M . Similar results are found using the WD masses listed in the (Ritter & Kolb, 2003 , update RKcat7.24,2016 catalogue of CVs (left bottom panel of Fig 5) . We performed a Kolmogorov-Smirnov (K-S) test between the masses of hard X-ray IPs and those of fiducial CVs, resulting in a probability of 99.3% that the distributions are from the same parent population (right panel of Fig 5) . Hence, irrespective of being magnetic or not, WD primaries in CVs are more massive than single WDs (0.6 M ) and WDs in pre-CV binaries (0.67 M ). This could suggest that WDs in CVs grow in mass during their evolution (see Zorotovic et al., 2011) , and that CVs may be favourable SN Ia progenitors. This result however strongly disagrees with the predictions of classical nova models (e.g Prialnik & Kovetz, 1995) . Whether novae gain or loose mass is still highly controversial (Yaron et al., 2005; Starrfield et al., 2009 ) since the determination of the ejected mass is extremely challenging (see Shara et al., 2010; Pagnotta et al., 2015) .
We also note that the mean mass of high field isolated magnetic WDs (B 10 6 G) is 0.78 ± 0.05 M very different from the mean mass of single WDs (Ferrario et al., 2015) . The fact that no magnetic WD is found in detached MS+WD binaries led Tout et al. (2008) and later Wickramasinghe et al. (2014) to propose the possibility that the strong differential rotation expected to occurr during the commone envelope (CE) phase may lead to the generation, by the dynamo mechanism, of a magnetic field that becomes frozen into the degenerate core of the pre-WD in MCVs making these binaries hardly detectable. It is expected that at the end of the CE phase CV systems with smaller orbital separations have WDs with stronger magnetic fields. Those systems that instead do merge are the progenitors of the single high field WDs.
The mass accretion rate
The study of the broad-band spectra of IPs allows a derivation of the X-ray bolometric luminosity, also accounting for the reprocessed X-ray emission in the soft IPs. The main uncertainty in previous luminosity determinations was the distances, generally estimated with indirect methods (e.g Bernardini et al., 2012 Bernardini et al., , 2017 . With the Gaia DR2 parallax release it has been possible to obtain reliable distances. Most of the mCVs are found to be at a larger distance than previously determined. We have used a sample of 43 hard IPs with known orbital periods, distances and determined bolometric fluxes, reported in Table 1 . To evaluate the uncertainty in the luminosities we account for the errors in the derived 0.1-100 keV X-ray fluxes and, when not available we account for a 30% uncertainty, and use the upper and lower bounds of distances derived with the method reported in Bailer-Jones et al. (2018) . In Fig. 6 (left panel) , we show the luminosities for this sample of IPs as a function of the orbital period up to 16 h (only GK Per is out of the graph). The long period systems, as expected, have larger luminosities by two orders of magnitude than the short period ones. This suggests that, if the X-rays trace the mass accretion rate, their bolometric luminosities could be considered as proxies of the accretion luminosity. However, the UV/optical light in IPs may carry a non-negligible fraction of X-ray reprocessed flux (see Mukai et al., 1994) and thus the results have to be taken with caution. Assuming L X,Bol. ∼ L acc = G M WDṀ R −1 WD and using the WD masses reported in Table 1 and the M-R relation by Nauenberg (1972) , we derive the mass accretion rates for a sample of 39 systems. These rates versus P Ω are shown in the right panel of Fig. 6 , together with the revised evolutionary sequence for an assumed WD mass of 0.75M obtained by Knigge et al. (2011) , adopting a scaled version of angular momentum loss (AML) recipes for magnetic braking and gravitational radiation. While for the polars the magnetic coupling between the primary and the donor could be important in reducing the efficiency of magnetic braking, thus lowering the mass accretion rate (Wickramasinghe & Wu, 1994; Wickramasinghe & Ferrario, 2000; Ferrario et al., 2015) , for the asynchronous IPs this effect might not be important. The decrease in mass accretion rate towards short orbital periods is broadly consistent with CV evolutionary theories (Howell et al., 2001; Andronov et al., 2003; Knigge et al., 2011) , although the longperiod systems appear to have lower rates than the predicted secular values. This was also noticed in non-magnetic CVs using the effective WD temperature, T WD,eff , which is a more robustṀ-proxy (Pala et al., 2017) . Whether the The X-ray bolometric luminosities of 43 hard X-ray IPs with known orbital period, obtained using X-ray fluxes and distances reported in Table 1 . The dashed vertical lines mark the 2-3 h period gap. Right panel: The mass accretion rates versus P Ω as derived from the bolometric luminosities and adopting the WD masses reported in Table 1 for 39 IPs. The solid line represent the revised CV evolutionary sequence by Knigge et al. (2011) for an assumed WD mass of 0.75M . accretion light or T WD,eff are reliable tracers of donor mass transfer rates is matter of debate (Knigge et al., 2011) . The newly identified systems at very long periods, P Ω > 6 h, should have donors that are nuclear evolved. Very long orbital period CVs might represent a non-negligible fraction of present-day CV population still to be identified (Goliasch & Nelson, 2015) .
Two long period systems, YY Dra and Swift J0746.3-1608 stick below the bulk of IPs, indicating they have been caught in a low or intermediate luminosity state. However, the majority of IPs are persistent systems. Exceptions are EX Hya, HT Cam, XY Ari, YY Dra and GK Per that display occasional dwarf nova outbursts lasting a few days except for GK Per whose outbursts last a few months. TV Col and V1223 Sgr have instead shown hrs-long outbursts (see Szkody et al., 2002; Hellier, 2014, and references therein) . These outbursts are due to disc instabilities. In Fig. 6 none of them are reported during outburst.
Two IPs, AO Psc and V1223 Sgr have instead shown low accretion states in the past, with V1223 Sgr remarkably dimming for about a decade (Garnavich & Szkody, 1988) . Their orbital periods fall in the 3-4 h range where VY Scl stars, the novalike systems undergoing deep low states, are found (see Rodríguez-Gil et al., 2007) . The orbital period of YY Dra (3.96 h) falls in the same range. As for systems outside the VY Scl period range, the longer period (4.85 h) IP, FO Aqr, was persistently observed at about the same level for several decades until 2016 when it underwent three low states in about 2 yrs (Kennedy et al., 2017b; Littlefield et al., 2018) . Littlefield et al. (2019) additionally find two low states occurring in the late 60-ties and mid 70-ties. The very long period (9.38 h) system Swift J0746.3-1608 could not be identified as an IP in an XMM-Newton observation in 2016 due to its extreme faintness in the X-rays. It has been recently identified in 2018, when it recovered a strongly variable higher state after a possibly 6yrs-long faint X-ray level (Bernardini et al., 2019a) . Its position in theṀ-P Ω plane suggests that it was still in a sub-luminous state in 2018. The low states are believed to be due to a temporary reduction of the mass transfer rate from the donor star (Livio & Pringle, 1994) , causing the accretion disc to be dissipated once the mass transfer drops below a critical threshold (Hameury & Lasota, 2017) . In the well studied case of FO Aqr both the X-ray and optical/UV modulations were found to vary in amplitude over the years and also during the recent low states. This indicates that changes in the accretion mode are also likely driven by mass transfer rate variations de Martino et al., 1999; Kennedy et al., 2017a; Littlefield et al., 2019) . State transitions, although rare in IPs, are an important new aspect to understand angular momentum loss governing the evolution of mCVs towards short orbital periods. 1,2,6,4 a : Fluxes in units of 10 −11 erg cm −2 s −1 . b : Distances obtained from Gaia parallaxes and weak distance prior using Galactic model described in (Bailer-Jones et al., 2018) . Uncertainties encompass lower and upper bounds of highest posterior probability. Unreliable distances are not reported. c : Quiescent flux. d : Average flux between two observations. e : Obtained from combined Swift/XRT and BAT archival spectra retrieved from the products generator at the UK Swift Science Data Centre (Evans et al., 2009) and from the NASA/GSFC Swift-BAT 105-month Web site https://swift.gsfc.nasa.gov/results/bs105mon/, respectively. References: (1)P ω , P Ω from Ferrario et al. (2015); (2) 
Discussion and Conclusions
We have presented the main results of an ongoing identification X-ray programme of new mCVs discovered in the INTEGRAL/IBIS-ISGRI and Swift/BAT surveys, that almost doubles the current roster of IP-type systems and adds three new systems to the small group of hard X-ray polars. Whether IPs are easily identified in these hard X-ray surveys because of massive WD primaries cannot be confirmed from their mass distribution, which results to be similar to that of other CVs. As demonstrated by Fischer & Beuermann (2001) , the PSR flow is one-fluid plasma in presence of moderate magnetic field strengths (B 30 × 10 6 G) and high flow rates (ṁ 1 − 5 g cm −2 s−1), where radiative losses are mainly via Bremsstrahlung rather than cyclotron. It is then concievable that not only the IPs but also those polars with high local mass accretion rates can be detected in the harder X-ray bands. While nowdays the multi-temperature structure of the PSR in mCVs can be efficiently diagnosed in the brighter systems through grating spectra, the foreseen ESA large mission Athena (Nandra et al., 2013) will routinely perform such studies for a large number of fainter systems as well as precisely measure WD masses via gravitational redshifts of Fe line. The increasing number of polars without a soft X-ray excess and of IPs displaying a soft optically thick component indicates that the previous separation between the two subclasses based on this spectral characteristics is no longer valid. The new idenfications have allowed to enlarge the range of orbital periods of IPs, with 10 systems below the gap and 15 above the the poorly explored range P Ω 6 h. A wide range of spin-orbit period ratios is found, with most short-period IPs below the 2-3 h gap possessing a weak degree of asynchronism. These IPs may represent a faint population of very weakly magnetised systems that will likely never synchronise. The advent of sensitive near-future survey experiments as eROSITA (Merloni et al., 2012) or planned such as eXTP (in 't Zand et al., 2019) and Theseus (Amati et al., 2018) will have a crucial role in unveling the true population of mCVs and in monitoring their still unexplored long-term X-ray behaviour. 
